We present noise measurements performed on a YBa 2 Cu 3 O 7−δ nanoscale weak-linkbased magnetometer consisting of a Superconducting QUantum Interference Device (SQUID) galvanically coupled to a 3.5 × 3.5 mm 2 pick-up loop, reaching white flux noise levels and magnetic noise levels as low as 6 µΦ 0 / √ Hz and 100 fT/ √ Hz at T = 77 K, respectively. The low noise is achieved by introducing Grooved Dayem Bridges (GDBs), a new concept of weak-link. A fabrication technique has been developed for the realization of nanoscale grooved bridges, which substitutes standard Dayem bridge weak links. The introduction of these novel key blocks reduces the parasitic inductance of the weak links and increases the differential resistance of the SQUIDs. This greatly improves the device performance, thus resulting in a reduction of the white noise. DC-SQUID devices operational at 77 K have been realized by oxygen ion irradiation, however no frequency dependent noise data have been reported.
Superconducting QUantum Interference Devices (SQUIDs) are among the most sensitive magnetometers available today, making them one of the most prominent devices for various applications of superconducting materials. Since their introduction, SQUIDs have been used in several technological applications, e.g. geophysical surveys, 1 medical diagnostic (MCG and MEG) [2] [3] [4] and scanning SQUID microscopy.
5
While the basic operation of SQUIDs is well established, 6 great effort is still invested in the improvement of their performance. In this respect, the recent technological advances in nano-fabrication enabled the realization of nanoSQUIDs with white flux noise levels well below 1 µΦ 0 / √ Hz , 7-14 opening the way to single spin detection, a milestone of experimental physics.
15,16
SQUIDs made of High critical Temperature Superconductors (HTS) have a much wider temperature range of operation (from mK to above 77 K) compared to their Low critical Temperature Superconductor (LTS) counterparts, greatly simplifying their practical applications. HTS SQUID magnetometers are promising candidates for future on-scalp magnetoencephalography systems. [17] [18] [19] [20] Tremendous efforts have been devoted to achieve high quality HTS Josephson Junctions (JJs), the key ingredient of a SQUID, during the last few decades.
This has proven to be challenging for cuprate HTS materials, due to the chemical instability, the small superconducting coherence length (∼ 2 nm in the ab-planes) and the ceramic and granular nature of these materials. Nevertheless, different JJ fabrication techniques have been successfully developed for HTS SQUIDs so far. For example, high sensitivity HTS SQUIDs have been realized using grain boundary based JJs, by epitaxial growth of HTS films on bicrystal or step edge substrates. Ar ion milling, as described in previous works. 34, 35 The detailed ion milling parameters are summarized in the supporting information, table S1. This fabrication procedure has been shown to result in YBCO nanowires with pristine bulk-like properties. [34] [35] [36] [37] Here, in order to fabricate the Grooved Dayem Bridges, we start from this fabrication and take advantage of a reduced etching rate of the ion milling in specifically designed areas of the sample. To achieve this, the standard mask design for the Dayem bridge is modified, opening a gap along the full width, as shown in Figure 1 (a). 
where A nS is the effective area of the SQUID loop, A pl eff is the effective area of the pick-up loop and L loop is the inductance of the pick-up loop. A more detailed analysis of the effect of a pick-up loop on the SQUID performance can be found in Refs.
4,11 L c has been measured in a separate experiment by direct current injection and it is directly proportional to the length of the hairpin slit l slit . It can be approximated from the measured data as L c l slit ·8 pH/µm at T = 77 K and is mainly dominated by kinetic inductance L k 2l slit µ 0 λ 2 L /w hl t, with µ 0 the vacuum permeability, w hl = 2 µm the line width of the hair pin loop, t the thickness of the YBCO film, and λ L 565 nm the in plane London penetration depth at 77 K.
11 Table 1 : Summary of the SQUIDs geometrical and transport parameters at T = 77 K.
Name
Coupling In the following we discuss the advantages of using GDB-based SQUIDs compared to those implementing Dayem bridges: 1) the critical current density of 2. The larger resistivity of GDB results in an increased voltage modulation depth, reducing the contribution of the readout electronics input noise to the total flux noise, which will be discussed in the following.
The SQUID noise has been measured using a commercial Magnicon SEL-1 dc SQUID electronics. 42 The system allows to perform measurements in Flux Locked Loop (FLL) mode and use current bias reversal at 40 kHz in order to reduce the low-frequency critical current noise. V,a /π∆V of the SQUID is minimized, hence improving the device performance.
The effective area A eff was determined via responsivity measurements, i.e. measuring the SQUID response in FLL mode to a known magnetic field. The value of the effective area for SQ1, which is galvanically coupled to a pick-up loop with dimensions 3.5 × 3.5 mm 2 , is
This value is consistent with previously reported measurements performed on similar devices implementing YBCO Dayem bridges. 4 The voltage noise S 
